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(760'  ml)  observed  for  loan  man  in  colder  water.  Exercise  prevented  tha  drop 
in  Tre  In  24  and  28°C  vatar  for  avaraga  man  and  28°C  vatar  for  laan  man.  For 
both  groups,  VO2  was  rapidly  and  significantly  alavatad  whan  Trt  was  reduced, 
with  Increases  In  VO2  Inversely  related  to  tha  fall  in  *re  •  Although  tha 
women  possessed  nearly  twice  tha  X  fat  as  their  laan  and  normal  mala  counter¬ 
parts,  their  fall  in  Tre  at  rest  was  similar  to  tha  man  at  all  water  tempera¬ 
tures.  Flawed  somewhat  differently,  a  female  of  22X  fat  doe  not  regulate  Tre 
when  exposed  to  cold  stress  at  rest  as  affectively  as  a  male  of  similar  percent 
fat.  This  difference  In  temperature  regulation  at  rest  may  be  partly  explained 
by  differences  In  thermogenesis  between  men  and  wosien  in  response  to  cold 
stress.  For  a  drop  of  1.4°C  in  Tre  ,  men  Increased  their  VO2  ®°®*  3.8  times 
rest  while  women  showed  a  significantly  lower  2.1  fold  Increase.  This  lower 
thermogenic  response  to  cold  stress  for  women  was  still  apparent  when  differ¬ 
ences  in  LEW  are  accounted  for.  The  relatively  greater  cooling  of  women 
compared  to  men  of  similar  percent  body  fat  may  also  lie  In  difference  In  Ap/M 
ratio,  for  at  a  given  level  of  fatness  this  ratio  Is  larger  for  females  com¬ 
pared  to  males.  Exercise,  however,  prevented  a  fall  in  Tre  at  all  water 
temperatures  for  both  lean  and  average  women. 


Narrative  Summary 

The  enclosed  final  report  differs  from  the  previously  submitted  annual 
SLiamury  report  by  providing  the  following  additional  Information: 

1.  All  methods  and  procedures  are  fully  described  In  the  text  of  the 
report. 

2.  The  results  are  reported  for  increased  numbers  of  subjects  as  follows: 


Body  Fat 

Men 

00 

%  Fat 

Women 

00 

%  Fat 

Low 
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Z  12% 
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22% 

Average 

4 

15-18% 

4 

24-27% 

High 

2 

->22% 

- 

— 

3.  Anthropometric  data  for  men  and  women  grouped  by  body  composition 
classification  are  reported  In  Table  1  (p.lA). 

4.  Figure  1  A,  B  and  C  represent  Oxygen  Consumption  and  rectal  temperature 
for  men  of  high  (A),  average  (B),  and  low  (C)  body  fat  for  1  hr  at  rest  and 
during  36  W  exercise  In  air  and  water  at  20,  24,  and  28°C.  (pp.  16-21) 

5.  Figure  2  A  and  B  represent  Oxygen  Consumption  and  rectal  temperature  for 
women  of  average  (A)  and  low  (B)  fat  for  1  hr  at  rest  and  during  36  W  exercise  in 
air  and  water  at  20,  24,  and  28°C.  (pp.  22-25) 

6.  Figure  3  shows  the  relationship  between  percent  body  fat  and  surface  area 
to-maas  ratio  in  men  and  women.  Solid  line  represents  the  data  of  Kolllas  and 
colleagues,  (p.  26) 

7.  An  expanded  discussion  to  Include  the  data  of  all  subjects. 

8.  An  up-date  and  expansion  of  referenced  literature  in  all  sections  of  the 
report. 

9.  A  newly  written  abstract  to  reflect  completed  data. 
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Abstract  of  Papar  presented  at  tha  National  Meetings  of  the  American 
College  of  Sports  Medicine,  Minneapolis,  Minn.,  May  27,  1982. 

11.  Appendix  B. 

Personnel  Receiving  Contract  Support 

Name  Degree 

Thomas  Gergley  M.S.  In  Exercise  Science 

Robert  J.  Spina  M.S.  in  Exercise  Science 
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Abstract 

\j  \b^aad  rectal  temperature  (Tre)  were  studied  In  10  men  and  8  women  during 
1  hr  rest  and  exercise  at  36w  (8.2  kcal^tln^MA  air  and  water  at  20,  24  and 


28  C.  At  rest,  in  all  water  conditions,  the  obese  men  (>22Z  fat)  maintained  Tre 
at  levels  similar  to  control  values  In  air.  During  work,  Tre  increased  about 
0.4C  under  all  conditions  with  essentially  no  difference  in  V02  between  work  In 
air  and  the  three  water  temperatures.  For  average  (15-18%)  and  lean  «  12%) 
men,  Tre  decreased  after  10-30  min  rest  at  all  water  temperatures  with  the  largest 
drop  in  ^re  (-1.4°^;  35.8 **0)  and  Increase  in  VO2  (760  ml)  observed  for  lean  men  in 


colder  water.  Exercise  prevented  the  drop  In  T^  in  24  and  28  C  water  for  average 
men  and  28Pcfwater  for  lean  men.  For  both  groups,  V0j  was  rapidly  and  significantly 
elevated  when  T^e  was  reduced,  with  increases  in  V0^  inversely  related  to  the  fall 
in  Tre  .  Although  the  women  possessed  nearly  twice  the  Z  fat  as  their  lean  and 
normal  male  counterparts , their  fall  in  Tre  at  rest  was  similar  to  the  men  at  all 
water  temperatures.  Viewed  somewhat  differently,  a  female  of  22%  fat  does  not 
regulate  Tre  when  exposed  to  cold  stress  at  rest  as  effectively  as  a  male  of  similar 
percent  fat.  This  difference  in  temperature  regulation  at  rest  may  be  partly  ex¬ 
plained  by  differences  in  thermogenesis  between  men  and  women  in  response  to  cold 

O  * 

stress^  For  a  drop  of  1.4  C  In  T^e,  men  Increased  their  VO2  some  3.8  times  rest 
while  women  showed  a  significantly  lower  2.1  fold  increase.  This  lower  thermo¬ 
genic  response  to  cold  stress  for  women  was  still  apparent  when  differences  In  LBW 
are  accounted  for.  The  relatively  greater  cooling  of  women  compared  to  men  of 
similar  percent  body  fat  may  also  lie  In  differences  in  A^/M  ratio,  for  at  a  given 
level  of  fatness  this  ratio  Is  larger  for  females  compared  to  males.  Exercise, 


however,  prevented  a  fall  In  Tre  at  all  water  temperatures  for  both  lean  and 


average  women. 


ill 


Adjustment  to  external  cold  Is  not  the  same  for  all  Individuals  with  the 
lnsulatory  benefits  of  body  fat  providing  significant  protection  against  heat 
loss  (1,  3,4, 7(10t15(23).  Relatively  fat  men  show  a  proportionately  smaller  metabolic, 
thermal,  and  cardiovascular  response  to  cold  water  immersion  as  well  as  a  greater  work 
tolerance  In  comparison  to  leaner  counterparts  (17,18,19).  Holmer  and  Bergh  (12) 
noted  a  large  shivering  thermogenasls  and  corresponding  fall  In  esophageal  temperature 
In  their  leaner  male  subjects  at  rest  and  during  swimming  in  18  and  25°C  water.  For 
their  fatter  subjects  only  a  small  response  to  cold  water  was  observed.  For  all  sub¬ 
jects,  however,  as  the  caloric  expenditure  Increased  in  heavier  work  the  metabolic  and 
physiologic  differences  observed  between  cold  and  warmer  water  became  smaller  suggest¬ 
ing  that  physical  activity  can  contribute  to  thermoregulation  in  moderately  cold 
watee.  In  extreme  cold,  however,  exercise  may  Increase  overall  heat  loss  more  than 
heat  production  and  cause  the  core  temperature  of  some  individuals  to  fall  at  an  even 
greater  rate  than  at  rest  (4,11). 

It  appears  that  for  each  Individual  a  water  temperature  exists  at  which  the  heat 
conserved  via  Insulation  and  circulatory  adjustments  and  heat  generated  by  shivering 
and  muscular  work  do  not  balance  the  heat  flux  induced  by  an  elevated  conductive  heat 
transfer  in  water.  While  comparative  data  for  cold  exposure  of  men  and  women  at  rest 
and  during  exercise  are  sparse,  data  obtained  predominantly  from  men  suggest  that  this 
water  temperature  could  be  quite  low  for  relatively  fat  subjects,  especially  when 
thermoregulation  is  aided  by  an  Increased  caloric  output  from  exercise.  For  lean 
subjects,  the  converse  may  apply  and  exercise  in  only  moderately  cool  water  may  In¬ 
tensify  cooling  (14). 

While  a  precise  statement  cannot  be  made  as  to  the  Influence  of  body  fatness 
on  the  thermoregulation  of  men  and  women  It  does  appear  that  a  person's  body  compo¬ 
sition  and  exercise  level  significantly  Influence  physiologic  and  performance 
data  in  response  to  cold  stress.  The  present  study  was  designed  to  systematically 
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study  in  the  a ame  unacclimatised  young  adult  men  and  women,  classified 
in  terms  of  body  fatness, ,  the  interrelationship  between  body  composition,  body 
surface  area,  water  temperature,  exercise,  and  thermoregulation.  Such  information 
will  expand  the  relatively  limited  data  available  on  women  and  extend  knowledge 
of  the  potential  physiologic  strain  for  both  men  or  women  at  rest  or  in  prolonged 
exercise  during  cold  water  immersion. 

Methods 

Ten  college-aged  men  and  8  women  of  prerequisite  body  compositions  volunteered 
as  subjects.  All  subjects  signed  informed  consent  and  were  medically  cleared  for 
vigorous  exercise  prior  to  their  participation  in  testing.  Based  on  initial  body 
composition  evaluation,  subjects  were  assigned  to  a  particular  group.  These  group¬ 
ings  for  men  and  women  as  well  as  relevant  anthropometric  data  are  presented  in 
Table  1. 

Body  Composition  Evaluation 

Subjects,  wearing  nylon  swimsuits,  were  weighed  underwater  in  a  stainless 
steel  tank  while  sitting  in  a  bent  forward  body  position  with  arms  clasped  around 
the  knees.  Underwater  weight  was  recorded  to  the  nearest  10  g  in  water  at  29-32 °C 
after  a  forced  maximal  expiration.  Six  to  ten  weighings  were  taken  and  the  last 
three  averaged  to  constitute  a  true  underwater  weight  score  (13).  Pulmonary  residual 
lung  volume  was  measured  in  a  bent  forward  body  position  just  prior  to  water  sub¬ 
mersion  by  use  of  the  oxygen  dilution  technique  (24).  Body  weight  in  air  was  meas¬ 
ured  on  a  Homs  balance  scale  to  the  nearest  50  g.  The  formula  of  Brorek  and  colleagues 
(2)  was  used  to  convert  body  density  to  percent  fat. 

A  Lange  caliper  was  used  to  measure  skin folds  at  the  chin,  subscapular,  chest, 
side,  suprallium,  abdomen,  triceps,  thigh,  knee,  and  calf  sites.  Between  three  to 
five  replicate  measurements  were  taken  on  the  right  side  of  the  body  with  the  sub¬ 
ject  standing.  An  average  value  of  the  measurements  was  used  as  the  skinfold  score 


for  each  site.  Kean  skinfold  thickness  was  estimated  from  the  average  of  the 
10  sites. 

Work  and  Metabolic  Measurements 

Work  in  air  and  in  stirred  water  was  performed  on  a  specially  designed  cycle 
ergometer  previously  utilised  by  Craig  and  Dvorak  (7,8)  and  McArdle  and  co-workers 
(17)  in  a  tank  122  cm  wide,  244  cm  long,  and  122  cm  deep.  Both  arm  and  leg  pedals 
were  used  and  placed  so  that  forces  during  pedaling  would  be  exerted  as  much  as 
possible  in  the  horizontal  plane.  This  method  of  exercise  minimizes  the  effect 
of  gravity  being  used  as  an  aid  to  working  the  pedals  and  makes  it  possible  to 
compare  identical  work  in  air  and  in  water.  Water  in  the  tank  was  filtered  and 
circulated  to  assure  adequate  stirring  of  the  water  bath.  Water  temperature  was 
continuously  monitored  from  a  thermal  sensor  placed  approximately  5  cm  from  the 
subject's  chest  and  maintained  within  +  0.5°C  during  the  1  hour  rest  and  work 
experiments.  During  tests  in  water,  subjects  were  immersed  to  a  level  of  the 
first  thoracic  vertebrae.  Subjects  were  familiarized  with  the  testing  apparatus 
and  test  procedures  on  separate  days  prior  to  data  collection  and  none  of  the 
subjects  was  previously  cold  acclimatized. 

Rectal  temperature  (Tre)  was  continuously  monitored  at  rest  and  during  exer¬ 
cise  on  a  calibrated  telethermometer  by  means  of  a  rectal  probe  (Yellow  Springs 
Instruments,  Inc.  #43)  inserted  approximately  10  cm  into  the  rectum.  The  probe 
was  secured  in  place  by  means  of  specially  designed  cinch-type  harness. 

All  metabolic  measures  were  determined  by  standard  techniques  of  open-circuit 
spirometry.  The  fractional  concentrations  of  CO2  and  O2  in  expired  air  were 
monitored  on-line  by  a  rapid  infrared  CO2  analyzer  (Godart  Capnograph)  and  S-3A  O2 
analyser  (Applied  Electrochemistry) ,  respectively.  The  analyzers  were  frequently 
calibrated  with  known  reference  gases  which  were  verified  with  the  Haldane 


apparatus 
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Procedures 

Resting  measures  were  taken  on  separate  days  while  the  subject  sat  quietly 
In  the  ergometer  In  air  (25-28P  C)  and  during  1  hour  In  water  at  20,  24,  and  28°C. 

Prior  to  all  water  lasers Ion  trials,  subjects  sat  quietly  In  air  £or  10-minutes 
to  establish  a  control  baseline  in  air.  During  each  1  hour  exercise  period,  sub¬ 
jects  pedaled  at  30  rpm  and  worked  at  36  V  (approximately  6-7  METs)  in  air  and  In 
water.  All  tests  in  air  and  at  the  three  water  temperatures  were  randomly  assigned. 
VO2  was  measured  at  minutes  4-5,  9-10,  and  every  10  minutes  thereafter  during  all 
trials.  Tre  was  recorded  at  2  minute  intervals  throughout  the  measurement  period. 

To  provide  a  frame  of  reference  for  the  metabolic  demands  of  the  arm-leg  work  task, 
peak  VO 2^  on  the  cycle  ergometer  was  determined  on  a  separate  day  by  means  of  a 
continuous,  graded  exercise  test  in  air  during  which  subjects  worked  for  2-mlnutes 
at  successively  higher  work  levels  (25  W)  until  they  would  no  longer  continue.  For 
the  total  group,  peak  values  for  fa>2  averaged  2.58  and  3.49  l.mln-1  for  the  women 
and  men,  respectively.  Thus,  submaximal  work  at  36  W  represented  an  average  of 
between  45  and  81  percent  of  the  subjects'  peak  fa) 2  on  the  arm-leg  ergometer.  VO2 
max  was  also  determined  for  all  subjects  by  means  of  a  continuous,  graded  running 
test  (16).  Peak  VO 2  on  the  arm- leg  ergometer  averaged  88  percent  and  94  percent  of 

the  treadmill  fa) 2  max  for  men  and  women,  respectively. 

Statistical  Analysis 

Independent  t-tests  were  used  to  evaluate  the  statistical  significance  of  the 
difference  between  means  obtained  from  two  different  groups  of  subjects.  To  evalu¬ 
ate  the  significance  of  the  difference  between  two  means  obtained  from  the  same 
subjects  paired  t-tests  were  applied.  Analysis  of  variance  for  repeated  measures 
and  Duncan's  Multiple  Range  test  were  utilized  to  evaluate  the  statistical  signifi¬ 
cance  of  the  differences  between  more  than  two  means  obtained  In  the  same  subjects. 
In  all  analyses  the  .05  level  of  algnficance  was  used. 

*  in  this  contact  peak  fa>2  refers  to  the  highest  oxygfn  uptake  achieved.  Since 
the  traditional  criterion  for  V02  max  (l.e.,  plateau  In  V02  with  Increasing  work) 

Is  generally  not  satisfied  In  this  form  of  arm-leg  er Rome try ,  the  term  "peak  VO2" 

Is  perhaps  a  more  appropriate  representation  of  aerobic  capacity. 
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Results 

Figure I A, B,  and  C  Illustrates  the  oxygen  consumption  and  Tre  for  men  of  high, 
average,  and  low  body  fat,  respectively  at  rest  and  during  36  W  exercise  In  air  and 
in  water  at  20,  24,  and  28°C.  At  rest,  in  all  water  conditions,  the  men  classified 
as  high  in  terms  of  body  fat  maintained  Tre  and  ^02  at  levels  essentially  similar 
to  control  values  in  air.  In  no  instance  did  Tre  fall  more  than  0.3°C  from  resting 
air  values  during  the  1  hr  water  immersion.  With  exercise,  Tre  remained  at  resting 
air  values  during  work  at  all  water  temperatures  and  slowly  increased  about  0.4°C 
during  the  1  hr  work  period  in  air.  V02  remained  at  approximately  1.7  1  O2.  min-1 
(8.2  kcal  .  min  *)  and  no  differences  were  observed  between  work  in  air  and  at  the 
three  water  temperatures. 

For  men  between  15-18Z  body  fat,  Tre  was  maintained  at  control  air  values 
during  the  first  10-20  minutes  of  rest  at  the  three  water  temperatures.  Thereat  «» 
Tre  steadily  declined  in  all  water  conditions  with  the  largest  drop  of  1.1°C  (P  .01) 
observed  in  20°C.  Thermogenesis  at  rest  was  greatest  in  20°C  water  where  V02  in¬ 
creased  to  about  500  ml. min  1  during  the  first  10  minutes  of  immersion,  remained 
steady,  and  then  gradually  increased  during  the  final  30  minutes.  After  1  hr,  rest¬ 
ing  VO2  averaged  610  ml.min-1  or  approximately  2.0  times  (P^ .05)  the  resting  level 

in  air.  Exercise  at  36W  prevented  the  fall  in  T  observed  at  rest  in  28  and  24°C 

re 

water.  In  20°C  water,  exercise  did  not  totally  counter  a  decrease  in  temperature 
and  Tre  began  to  fall  after  25  minutes;  after  1  hr  of  exercise  Tre  had  fallen  0.7°C 
(PdT  .05)  to  36.6°C.  V02  during  exercise  in  water  at  28  and  24°C  was  similar  to  that 

in  air  averaging  about  1.6  l.min-1  (7.7  kcal. min-*)  during  the  work  period.  After 
20  minutes  of  work  in  20°C  water,  however,  ?02  averaged  between  200-300  ml  higher 
(P4f .05)  than  in  air  or  in  warmer  water  throughout  the  immersion  period. 

For  the  lean  man  who  averaged  9.2Z  body  fat,  the  largest  thermogenic  effect 
and  reduction  in  Tre  with  cold  water  immersion  were  observed.  For  these  men  Tre 
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remained  at  near  control  values  during  the  first  10  minutes  of  rest  in  20,  24,  and 
28°C  water.  Thereafter,  Tre  steadily  decreased  at  all  water  temperatures  with  the 
largest  reductions  (BZ  .01)  noted  In  24°C  (-1.3°C;  Tre  35.9°C)  and  20°C  (-14  C; 

O  • 

Tre  35.8  C)  water.  Resting  V02  In  20  and  24  C  water  was  Inversely  related  to  water 
temperature  and  the  fall  In  Tre,  Increasing  rapidly  during  the  first  5  minutes  of 
Immersion  and  rising  steadily  throughout  the  immersion  period.  Resting  VO2  averaged 
654  ml.min”*  after  20  minutes  in  20°C  water  and  1070  ml.min”*  (3.6  x  rest;  P^-.Ol) 

at  the  1  hr  mark.  In  warmer  water,  increases  in  resting  VO2  were  somewhat  less 

•  -1  -1 
dramatic  with  VO2  after  60-min  immersion  averaging  710  ml. min  and  390  ml. min  In 

o  o  • 

24  and  28  C  water,  respectively.  With  exercise  In  air  and  28  C  water,  VO2  for  the 

lean  men  remained  steady  at  about  1.6  1  02.mln  *  .  In  24  and  20°C  water,  V02  was 

about  200  ml  and  400  ml  higher  (P/?  .05),  respectively  than  In  air  or  28°C  water. 

Whereas  exercise  of  36W  (approximately  500  kcal.  hr  *  )  prevented  the  drop  in  Tre 

observed  at  rest  in  24  and  28°C  water  for  men  of  average  body  fat,  the  same  work  for 

the  lean  men  was  effective  in  preventing  a  drop  in  Tre  only  in  28°C  water.  With 

exercise  In  20  and  24°C  water,  Tre  began  to  fall  after  10  minutes  and  progressively 

declined  throughout  the  work  period.  However,  the  final  Tre  of  36.. °C  reached  during 

work  in  24°C  water  was  significantly  higher  (P Z.  .05)  than  the  final  Tre  of  35.9 

observed  at  rest. 

Figure  2  A  and  B  depicts  the  time  course  for  VO2  and  Tre  during  1  hr  of  rest 
and  exercise  at  36W  for  women  classified  as  average  and  low  body  fat,  respectively. 
For  women  of  average  body  fat  (24-27X) ,  Tre  deviated  only  slightly  from  control  air 
values  during  the  first  20  minutes  of  rest  at  all  water  temperatures.  Thereafter, 

Tre  steadily  decreased  with  the  largest  reduction  of  1.2°C  (P<£  .01)  noted  In  24°C 
and  20®C  water.  Resting  VO2  increased  slowly  during  the  Immersion  period.  At  the 
end  of  1  hr,  ft>2  averaged  580  ml. min”*  or  about  2.0  times  (P  Z  .05)  the  resting 
level.  Exercise  caused  an  elevation  of  0.4°C  In  Tre  during  the  work  period  in  air 
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and  24  and  28°C  water,  and  prevented  a  fall  in  Tre  In  20°C  water.  Exercise  V02 
remained  between  1.5  and  1.7  1  02.mln  1  under  all  conditions. 

For  women  of  low  body  fat,  Tre  showed  a  steady  decline  throughout  the  Immersion 
period  during  rest  at  all  water  temperatures  reaching  35.8°C  (-1.6°C;  P L  .01)  after 
1  hr  at  20°C.  Resting  V02  Increased  slowly  during  the  Immersion  period  reaching  a 
high  of  590  ml. min- ^  or  2.1  times  (P  ^  .05)  rest  after  1  hr  at  20°C.  Exercise  V02 
was  essentially  the  same  In  air  and  at  all  water  temperatures.  During  work  In  air 
Tre  steadily  Increased  to  about  0.6°C  above  the  pre-exercise  resting  level.  In  28 
and  24 °C  water,  exercise  prevented  the  fall  In  Tre  observed  at  rest,  while  In  20°C 
water  Tre  fell  0.4°C  with  exercise  compered  to  a  significantly  greater  .05) 

1.6°C  during  the  resting  experiments. 

Discussion 

Because  heat  conduction  In  water  is  about  25  times  greater  than  In  air,  immersion 
in  cold  water  provides  a  considerable  thermal  stress  and  brings  about  thermoregulatory 
adjustments  in  a  relatively  short  period  of  time.  However,  significant  individual 
variability  is  noted  among  both  men  and  women,  with  the  amount  of  heat  transferred  to 
the  water  being  primarily  related  to  peripheral  vasoconstriction  and  body  composition 
including  subcutaneous  fat  and  Its  distribution.  In  addition,  heat  production  associa¬ 
ted  with  shivering  and  physical  activity  may  contribute  to  thermoregulation  during  cold 
stress  (4,7,20).  In  the  present  data,  the  benefits  of  body  fat  during  cold  stress  are 
clear.  For  men  classified  as  high  for  body  fat  little  thermal  strain  was  noted,  at 
least  as  reflected  by  the  small  changes  in  Tre  and  VO2  values  during  1  hr  rest  or 
exercise  In  air  or  water  at  20,  24,  and  28°C.  For  men  of  average  and  low  body  fat, 
however,  heat  loss  exceeded  heat  production  during  1  hr  Immersion  at  rest  at  all 
water  temperatures.  For  these  men,  a  gradual  decline  In  Tre  was  noted  after  10-20 
minutes  with  the  greatest  drop  In  Tre  (Tre  -  1.4°C)  observed  for  the  group  with  the 
lowest  total  body  fat  and  skinfold  thickness.  In  general,  for  both  men  and  women  at 
rest,  the  longer  the  exposure  to  cold  water  and  the  greater  the  Intensity  of  the  cold 
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stimulus,  the  greater  the  themogenesls ,  and  this  closely  paralleled  the  fall 

In  Tre.  Similar  observations  have  been  noted  for  men  In  water  from  38°C  to  24°C.  (6) 

While  exercise  can  Increase  both  total  body  heat  conductance  and  the  effective 
surface  for  heat  loss  due  to  an  augmented  blood  flow  to  the  limbs.  In  no  Instance 
did  the  present  exercise  facilitate  a  drop  In  Tre.  Exercise  of  about  500  kcal.hr  1 

was  beneficial  In  either  preventing  or  retarding  the  fall  In  Tre  during  the  immer¬ 
sion  period.  This  beneficial  effect  of  submaxlmal  crk  is  somewhat  in  contrast  to 
the  observations  of  Keatinge  (14)  and  Hayward  and  Kea tinge  (11) .  They  reported 
that  when  water  was  too  cold  to  allow  for  the  maintenance  of  deep  body  temperature 
at  rest  (5-24°C  water  depending  on  body  fat),  exercise  intensified  cooling  by  In¬ 
creasing  conduction  In  the  poorly  insulated,  highly  perfused  active  peripheral  areas 
(11).  This  caused  Tre  to  fall  at  an  even  greater  rate  than  at  rest.  Apparently, 
the  present  subjects  were  neither  too  thin  nor  the  water  too  cold  to  negate  the 
heat-generating  effects  of  submaxlmal  exercise  in  maintaining  thermal  balance.  The 
exercise  metabolism  in  the  present  study  was  greater  than  the  300-360  kcal.hr-* 
shown  to  facilitate  heat  loss  (11,14),  and  high  intensity  exercise  has  been  shown  to 
delay  a  drop  in  Tre  in  5-20°C  water  (5,12,19).  Certainly,  body  fat,  exercise  inten¬ 
sity,  and  an  individual's  ability  to  maintain  high  levels  of  exercise  are  all  Im¬ 
portant  considerations  In  evaluating  the  potential  benefits  of  exercise  in  offsetting 
hypothermia  with  cold  water  immersion. 

For  both  men  and  women,  V02  was  elevated  at  rest  and  during  exercise  when  Tre 
was  reduced  below  control  values  in  air  with  the  largest  Increases  in  VO2  generally 
accompanying  the  largest  Tre  reductions.  This  thermogenic  effect  for  the  relatively 
lean  subjects  during  submaxlmal  work  in  water  under  hypothermic  conditions  is  in 
agreement  with  the  observations  of  Craig  and  Dvorak  (7)  with  identical  arm-leg 
ergometry  and  the  work  of  Nadel  and  colleagues  (18)  and  Holmer  and  Bergh  (12) 


1 
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during  free  swimming.  Whereas  these  Investigators  (12,18)  observed  Increases  In 

*  o 

VO 2  of  approximately  500  to  700  ml. min  during  swimming  in  18  C  water  compared 

to  thermoneutral  33°C  water,  the  present  lean  men  showed  Increases  in  VO2  of 

between  300-400  ml. min  at  36  W  exercise  in  20°C  water  compared  to  work  in  air. 

This  relatively  smaller  thermogenic  effect  during  exercise  in  cold  water  in  the 

present  data  could  be  due  to  the  lower  water  temperature  and  greater  convective 

heat  loss  to  the  moving  water  during  free  swimming  in  a  flume  compared  to  the 

present  stationary  arm- leg  work.  It  appears  that  the  increased  energy  production 

at  rest  and  during  submaximum  work  in  cold  water  is  the  result  of  the  metabolic  cost 

of  shivering  and  the  thermal  insulation  of  body  fat.  Impaired  mechanical  efficiency 

with  thermal  stress  may  also  contribute  to  the  added  energy  cost  of  work  In  cold  water. 

In  comparing  the  thermal  responses  of  men  and  women  at  rest  and  during  exercise 
(Figures  1  and  2),  there  appears  to  be  a  difference  in  the  relationship  between  body 
fat  and  temperature  regulation  during  cold  stress  and  the  role  of  exercise  in  main¬ 
taining  thermal  balance.  Although  the  lean  women  possessed  about  twice  the  percent 
body  fat  and  nearly  60Z  more  skinfold  fat  as  their  lean  male  counterparts  (Table  1), 
their  relatively  large  reductions  In  Tre  at  rest  were  quite  similar  to  the  men  at 
all  water  temperatures  (Fig.  1C  vs.  Fig.  2B).  Stated  in  somewhat  different  terms, 
a  woman  of  24  percent  body  fat  (average  fat)  does  not  maintain  Tre  when  exposed  to 
cold  stress  at  rest  as  effectively  as  a  male  of  similar  percent  fat  (Fig.  1A  vs. 

Fig.  2B). 

Part  of  the  difference  in  temperature  regulation  during  cold  stress  at  rest 
between  men  and  women  of  similar  body  fat  levels  may  be  due  to  differences  in  the 
thermogenic  response.  Whereas  lean  men  (9.2Z  fat)  were  able  to  increase  their  oxygen 
consumption  some  3.7  times  above  rest  to  1100  ml  02.min-1  for  a  1.4°C  drop  in  T  . 
lean  women  (18. 5Z  fat)  showed  a  significantly  lower  (P^  .01)  2.1  fold  increase  to 
590  ml. min- ^  for  a  similar  drop  in  Tre.  It  could  be  argued  that  this  86  percent 


* 
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larger  thermogenic  response  for  men  for  an  equivalent  drop  In  Tre  Is  due  to  higher 
shivering  thresholds  on  the  part  of  sales.  This  Is  unlikely,  however,  as  Cunningham 
(9)  has  shown  the  opposite  to  be  true  In  that  the  thermoregulatory  system  of  women 
operstes  at  slightly  hlghsr  core  temperstures  than  men  and  thus,  •unman  consistently 
begin  shivering  at  a  higher  Tr-.  Part  of  the  difference  In  thermic  response  to  cold 
stress  may  be  due  to  differences  In  lean  body  weight  (LBW)  and  accompanying  muscle 
mass  between  sen  and  women.  As  shown  In  Table  1,  the  LBW  of  the  men  with  low  fat 
averaged  64.3  kg  whereas  the  LBV  of  women  of  similar  fat  classification  averaged 
49.5  kg,  a  difference  of  14.8  kg  or  30  percent.  When  VO 2  at  the  end  of  60  min  rest 
In  20°C  water  Is  expressed  In  relation  to  LBW,  the  Vt^of  the  woman  averaged  11.9 
rnl.kg"!  .  min'1  while  that  of  the  men  was  still  44  percent  higher  st  17.1 
ml. kg-1. min'1.  Consequently,  the  difference  in  LBW  does  not  entirely  explain  the 
difference  In  thermogenic  response  between  men  and  women  for  an  equivalent  drop 
In  Ttl. 

Another  possible  explanation  for  the  relatively  greater  cooling  of  woman 
compared  to  nan  of  similar  levels  of  body  fatness  lies  In  the  differences  In  the 
surface  erea-to-naae  ratio.  This  geometric  component  influences  beet  conductance 
to  the  environment  —  a  low  surface  arsa-to-nsss  ratio  favoring  heat  conservation 
In  a  cold  environment  In  both  humans  and  animals  (15,19,21,22).  Figure  3  Illustrates 
the  relationship  between  percent  body  fat  and  surface  area-to-maas  In  young  adult 
men  end  women.  Included  In  this  figure  ere  the  data  of  Kolllas  and  Co-workers  (15). 
For  s  given  level  of  body  fatness,  females  have  a  larger  surface  In  relation  to 
body  mass  compared  to  male  counterparts.  For  sxanple,  st  24  percent  body  fat,  the 
surface  area-to-masa  of  the  present  woman  was  approximately  2.70  n  compared  to 
2.22  m2  for  man  of  similar  body  fat.  Consequently,  under  identical  conditions  of 
cold  exposure  and  body  f  is,  women  would  cool  st  a  faster  rate  than  non.  This 
Is  borne  out  In  the  pre  ar Isons  of  nan  dasalfed  as  high  for  body  fat 

(27. 6X)  and  woman  class  let’  average  (25. 2Z).  For  the  nan,  only  small  decreases 


in  Tre  win  observed  after  60  min  of  rast  In  28,  24,  and  20%  water  while  for 
women  Tre  fall  at  all  water  temperatures  during  the  same  exposure  period. 

While  the  women  fared  less  well  than  men  during  the  resting  experiments, 
exercise  appeared  to  benefit  the  women  to  a  greater  extent  in  either  preventing 
or  retarding  the  fall  in  Tre  during  cold  stress.  For  both  lean  and  average  women, 
exercise  at  36  tf  generated  sufficient  heat  to  balance  the  heat  transferred  from 
the  core-to-surface  and  thus  prevented  the  decrease  in  Tre  observed  at  rest  at  all 
water  temperatures.  This  is  in  contrast  to  lean  men  for  which  exercise  was  only 
effective  in  preventing  a  fall  in  Tre  in  28° C  water  or  for  men  of  average  fat  for 
which  exercise  was  effective  in  24  and  28°C.  This  apparent  variability  between  the 
sexes  as  to  the  beneficial  effects  of  exercise  in  retarding  heat  debt  during  cold 
stress  is  supported  by  Haywood  and  Keatings  (11)  who  reported  that  the  thermal  bene¬ 
fits  of  exercise  are  related  to  an  individual's  resting  response  to  cold  stress. 
Although  these  investigators  did  not  compare  the  responses  of  their  men  and  women,  they 
did  report  marked  individual  variability  in  thermic  responses  at  reBt  and  during 
exercise.  For  those  subjects  who  generated  high  metabolic  heat  during  cold  stress 
at  rest,  relatively  low  water  temperatures  were  tolerated.  For  these  individuals, 
however,  exercise  tended  to  Increase  peripheral  heat  loss  and  was  of  limited  benefit 
to  temperature  regulation.  Other  individuals  with  comparable  body  fat  showed  little 
metabolic  Increase  during  cold  stress  at  rest  and  could  only  stabilise  deep  body 
temperature  in  relatively  warm  water.  For  these  individuals  exercise  greatly  aided 
temperature  regulation  during  cold  stress.  In  the  present  study,  the  females  as  a 
group  tended  to  show  a  blunted  thermic  response  to  cold  stress  at  rest.  In  agree¬ 
ment  with  the  observations  of  Haywood  and  Keatlnge  (11),  this  group  showed  the 
greater  benefits  from  exercise. 
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Legends  For  Figures 

Figure  1  A,B,  and  C.  Oxygen  consumption  (VO2)  and  rectal  temperature  (Tre)  for 
■an  of  high  (A),  average  <B) ,  and  low  (C)  body  fat  for  1  hr  at  rest  and  during 
36  tf  exercise  In  air  and  water  at  20,  24,  and  28°C. 

Figure  2  A  and  B.  Oxygen  consumption  (VO2)  and  rectal  temperature  (Tre)  for 
of  average  (A)  and  low  (B)  fat  for  1  hf  at  rest  and  during  36  V. 
exercise  in  air  and  water  at  20,  24,  and  28°C. 

Figure  3.  Relationship  between  percent  body  fat  and  surface  area-to-oass  ratio 
in  men  ( •  )  and  women  (  o  ) .  Solid  line  represents  the  data  of  Kolllas  and 
colleagues  (15). 
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BODY  COMPOSITION  AND  TEMPERATURE  REGULATION  FOR  MEN  AND 
WOMEN  DURING  REST  AND  EXERCISE  IN  AIR  AND  WATER 

W.  McArdle,  FACSM,  J.  Magel,  FACSM,  T.  Gergley,  R.  Spina 
and  M.  Toner.* Queens  College,  Flushing,  N.Y. ,  11367 


*U.S.  Army  Raaearch  Institute  of  Environmental  Medicine, 
Natick,  Maas.  01760 


$02  and  rectal  temperature  (Tre)  were  studied  in  10  men 
and  8  women  during  1  hr  rest  and  exercise  at  36W  (8.2  keel, 
min"*  )  in  air  and  water  at  20,  24  and  2&C.  At  rest,  in  ail 
water  conditions,  the  obese  men  (y22%  fat)  maintained  Tre 
at  levels  similar  to  control  values  in  air.  During  work,  Tre 
increased  about  O.^Cunder  all  conditions  with  essentially 
no  difference  in  V02  For  average  (15-18Z)  and  lean(<  12%) 
men,  Trgdecreased  after  20-30  min  rest  at  all  water  temper¬ 
atures  with  the  largest  drop  in  Tre (1.9°c)and  Increase  in 
V02  (760  ml)  observed  for  lean  men  in  colder  water.  Exer¬ 

cise  prevented  the  drop  in  Tre*-n  24  and  28°C  water  for 
average  men  and  2tf*C water  for  lean  men.  For  both  groups, 

V02  was  rapidly  and  signi{icantly  elevated  when  Tr  was  re¬ 
duced,  with  increases  in  V02  inversely  related  to  the  fall 
in  Tre.  Although  the  women  possessed  nearly  twice  the  T.  fat 
as  their  lean  and  normal  male  counterparts,  their  fall  in 
Treat  rest  was  similar  to  the  men  at  all  water  temperatures. 
Viewed  somewhat  differently,  a  female  of  22Z  fat  does  not 
regulate  Tig  when  exposed  to  cold  stress  at  rest  as  effec¬ 
tively  as  a  male  of  similar  percent  fat.  This  difference 
in  temperature  regulation  at  rest  may  be  partly  explained 
by  differences  in  thermogenesis  between  men  and  women  in 
response  to  cold  stress.  For  a  drop  of  1.9^Cin  Tr®,  men  in¬ 
creased  their  V02  some  3.8  times  rest  while  women  showed 
only  a  2.2  fold  Increase.  Exercise,  however,  prevented  a 
fall  in  Treat  all  water  temperatures  for  both  lean  and 
average  women. 

Supported  by  a  grant  from  Dept,  of  Army,  DAMD17-80-C- 
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